INTRODUCTION {#sec1-1}
============

Hepatitis B virus (HBV) continues to be a major global public health problem. Two billion people have been infected worldwide; 400 million infected with chronic form of HBV infection, and over 520,000 die each year. Over 70% of the chronic hepatitis B patients in the world are Asians.\[[@ref3][@ref4][@ref5]\] The rate of chronic hepatitis B infection in Iran differs based on the regions and studied groups.\[[@ref1][@ref2]\] A prevalence rate of 1.7% in the Fars province and 5% in Sistan-Balouchestan province was reported by Alavian *et al*.\[[@ref6]\] The number of HBV patients in Iran is declining from 1.3% to 0.8% due to the national vaccination program implementation since 1993.\[[@ref7]\]

Without intervention, approximately 15% to 40% of chronically infected individuals will eventually develop cirrhosis, end-stage liver disease or hepatocellular carcinoma, or require liver transplantation.\[[@ref8]\] HBV is mainly transmitted by parenteral route and percutaneous route, which occurs through the sharing of needles by intravenous drug users or reuse of contaminated sharp instruments for tattoos, acupuncture, or ear piercing and sexual contact.\[[@ref9][@ref10]\]

HBV surface antigen (HBsAg) is the established serological marker used routinely for the diagnosis of acute or chronic HBV infection, the screening of blood or organ donors, and the surveillance of persons at risk of acquiring or transmitting HBV. Finding possibilities for improving the quality of present HBsAg assays in the market and to prevent wrong diagnosis because of false-negative HBsAg results is the priorities of many health system facilities.\[[@ref11]\]

Newly developed HBsAg assays show a performance increase in terms of specificity and sensitivity, allowing the detection of HBsAg. Nowadays Liaison HBsAg assay uses chemiluminescent immunoassay (CLIA) technology routinely for determination of HBsAg in human serum or plasma samples.\[[@ref12][@ref13][@ref14]\] But even having validation certificate from Europe for these companies does not guarantee highest specificity and sensitivity for their products and it is necessary for every country to check their quality and find their limitations. Since this kit is in use in many routine laboratories, and there are few questions about the specificity of the technique in detecting low indexes positive cases, therefore it was needed to compare the efficacy of this method with other techniques such as polymerase chain reaction (PCR).

The aims of this study were to determine whether the detection rate of HbsAg levels in routine clinical samples by chemiluminescent test systems is comparable and accurate within acceptable limits.

To our knowledge, this report may provide the first systematic and comprehensive comparison of currently marketed CLIA technology (Liaison HBsAg) with PCR assays.

MATERIALS AND METHODS {#sec1-2}
=====================

Five milliliter blood sample was obtained from 350 patients suspicious of having HBV and had referred to the educational hospitals of Urmia University of Medical Sciences, Urmia, Iran, from April until November 2008. Serums were separated after 15 minutes at room temperature by bench centrifuge and stored at --40°C upon to be tested. Patient serums were divided into two groups. The first aliquot used for testing HBsAg by CLIA and HBsAg confirmatory test. The second aliquot was used for determination of the presence of the HBV by real-time PCR method.

DNA of all the samples were extracted using Qiagen extraction kit (Hamburg, Germany).

Preparation of the samples for PCR was performed as previously described with some modification.\[[@ref15]\]

Chemiluminescent immunoassay {#sec2-1}
----------------------------

The Liaison HBsAg method (Dia-Sorin, Saluggia, Italy) for determination of HBsAg is a direct sandwich CLIA. The minimum volume required is 300 μl (150 μl specimen plus 150 μl dead volume). During the first incubation, HBsAg present in calibrators, samples, or controls binds to the solid phase (magnetic particles) coated with mouse monoclonal antibodies. After first washing step and during the second incubation, a sheep polyclonal isoluminol-antibody conjugate reacts with HBsAg already bound to the solid phase. After the second incubation, the unbound material is removed with a wash cycle. Subsequently, the starter reagents are added, and a flash chemiluminescence reaction is thus induced. The light signal, and hence the amount of isoluminol-polyclonal antibody conjugate, is measured by a photomultiplier in relative light units and is indicative of the HBsAg concentration present in calibrators, samples, or controls. The analyzer automatically calculates HBsAg levels, expressed as index values. Manufacturers determine an "index value" that balances the necessary high sensitivity for detecting the antigen with the need to avoid false-positive results. Samples with HBsAg levels of 1.1 graded as reactive and below 0.9 index values should be graded as negative. Samples with HBsAg levels ranging between an index values of 0.9 and 1.1 graded equivocal (borderline). All tests were carried out with positive and negative HBsAg controls.

Confirmatory test {#sec2-2}
-----------------

According to the Dia-sorin recommendations sample results graded as equivocal or above 1.1 was re-evaluated using HBsAg confirmatory test. It has been our practice to follow all repeatedly reactive or borderline results with a neutralization confirmatory assay.

A specimen is not confirmed positive when the index value of the non-neutralized aliquot (mixed with specimen diluent) is less than 0.9 irrespective of the outcome of percent neutralization (=negative specimen).

A specimen is not confirmed positive when the index value of the non-neutralized aliquot (mixed with specimen diluent) is greater than or equal to 0.9 and percent neutralization is less than 50% (=presence of an interfering substance).

A specimen is confirmed positive when the index value of the non-neutralized aliquot (mixed with specimen diluent) is greater than or equal to 0.9 and percent neutralization is greater than or equal to 50%.

PCR method {#sec2-3}
----------

Using Robogene hepatitis B virus kit (Roboscreen, GmbH, Leipzig-Germany), the presence of HBV in the samples were determined. In PCR experiment each 50-100 IU/ml of serum corresponds to 250-500 copies of HBV per ml. Reaction carried out in the Rotor-GENE 3000 Research (Corbett real time PCR machine; Hamburg, Germany) according to the manufacture instructions.

Negative and positive results were confirmed by running of 5 μl of PCR products of HBV- DNA on 2% agarose gel.

The calculation of accuracy, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), and Pearson correlation values were carried out according to Irwig and collogues methods.\[[@ref16]\]

Study activities were undertaken only after review and approval by the Reaserch Ethics Committee at UMSU. All procedure involving patients were in accordance with the Helsinki declaration 1975 as revised 1983.

Statistical tests {#sec2-4}
-----------------

The statistic analysis were calculated using the free online software from [http://www.quantitativeskills.com/sisa/statistics/diagnos.htm](http://www.quantitativeskills.com/sisa/statistics/diagnos).

RESULTS {#sec1-3}
=======

From 350 studied cases, 200 cases were negative with both PCR and Liaison chemiluminescent method with confirmatory test. Sixty from 200 above mentioned cases, that expected according to the defined threshold for Liaison be positive (\>1.1), did not show positive signal by confirmatory test. In addition, six cases that were positive by both PCR and Liaison chemiluminescent methods were negative by CLIA with confirmatory test. The rest of the samples (144 cases) with result index above 30 were positive by either PCR or chemiluminescent with or without confirmatory tests \[[Table 1](#T1){ref-type="table"}\].

###### 

HBsAg status in 350 studied cases by PCR and Liaison Chemiluminescent methods with or without confirmatory tests. Chemiluminescent index value was set according to the manufacture recommendations
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True positive (TP), true negative (TN), sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and Pearson correlation values for chemiluminescent with or without confirmatory tests compared to the PCR were calculated and summarized in [Table 2](#T2){ref-type="table"}.

###### 

True positive, true negative, sensitivity, specificity, PPV, NPV, and pearson correlation values of the chemiluminescent with and without confirmatory test compared to the PCR method
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According to the PCR results as assumed as a gold standard method with sensitivity and specificity of 100%, detection rate sensitivity of chemiluminescent with confirmatory test was 96% and its specificity was 100%, but for chemiluminescent without confirmatory test, sensitivity and specificity was 100% and 70%, respectively. Also for chemiluminescent with confirmatory test, PPV was 100% and its NPV were 97%, compared to chemiluminescent without confirmatory test with PPV and NPV equal to 71% and 100%, respectively.

DISCUSSION {#sec1-4}
==========

The usual criteria for analysis of HBsAg are detection of HBsAg and result confirmation by antibody neutralization. HBsAg is an HBV serologic marker that plays a major role in the diagnosis of HBV infection.\[[@ref17]\] American Association for the Study of Liver Diseases suggest that patients chronically infected with HBV should be monitored (clinically, biochemically and virologically) on a regular basis (6-12 monthly).\[[@ref18]\] These guidelines are basically in agreement with the recommendations of the European Viral Hepatitis Educational Initiative.\[[@ref19]\] A new-generation chemiluminescent HBsAg assay performed on the Liasion Chemiluminescent measures HBsAg with a method that involves two steps: Initial screening and confirmation neutralization.\[[@ref20][@ref21]\]

Based on our knowledge, the first comprehensive comparison between Liasion Chemiluminescent test system competency and PCR method for detecting HBV antigen or DNA in serum was carried out. We observed that a relatively high percentage of individuals with negative HBsAg were always HBV- DNA negative too (\<0.9 index) and vise versa individuals with high index HBsAg (\>22 index) were always HBV- DNA positive. This result is true in about 98.3% (344 cases) of our studied cases. But in six cases (1.7%), with weakly positive result (11.8-22 index) that did not pass the confirmation neutralization step. The initial positivity result and the subsequent failure at the confirmation step for some of our cases led us to question the clinical significance of these results and led to the further investigation using other methods like PCR method.

When these six cases were tested with the PCR method, a positive signal was found. This findings shows either, higher sensitivity of PCR method compared to the Liasion Chemiluminescent method for detecting remaining HBV- DNA or presence of mutation in HBV- DNA that can cause HBsAg conformational changes.

As Ly *et al*. (2006) reported, there are several results of HBsAg-negative virus carriers (HBV- DNA positive) with immunosilent infections.\[[@ref14]\] They concluded that natural variation and mutations can induce HBsAg conformational changes. Since many HBsAg immunoassays use monoclonal antibodies with epitopes directed against the major hydrophilic region, in particular against the "a" determinant, amino acid substitution in this region may account for false-negative results in immunoassays.\[[@ref14][@ref22]\]

O'Brien\[[@ref23]\] also found that weakly positive results were more likely to fail neutralization than were strongly positive results, and suggested that this confirmatory test be used only in samples with weakly positive results. Similar recommendations have been made by the Centers for Disease Control for weakly positive anti-HCV results.\[[@ref24]\] Weakly positive results are also more likely to be falsely positive with other infectious disease assays, including anti-HIVand anti-HBc.\[[@ref25][@ref26][@ref27]\]

In addition, Chen and Kaplan study\[[@ref20]\] indicates that laboratories need to be aware of the performance of their HBsAg assays. At least, laboratories should know the analytical performance of their assays near the cut off concentration, and use neutralization assays in samples with weakly positive HBsAg results.

It has been recognized for many years that there is a delay between HBV infection and appearance of HBsAg; during this "window" period, the individual may still be infectious.\[[@ref26]\]

To overcome these chemiluminescent method limitations we suggest using the PCR method as a gold standard method for detecting and confirming the presence of HBV DNA in low indexes cases.

Also to avoid the reporting of false-negative or false-positive HBsAg results, we suggest that any sample, from any manufacturer, with a low-positive index that does not pass the assay\'s confirmation test not be designated "negative or positive" until HBV DNA are measured with the PCR method for providing a clearer picture of the patient\'s status.

Additional researchs are needed to address several questions relating to the prevalence and significance of mutants that are not detected by HBsAg assays, and to the need for increased sensitivity of HBsAg assays to reduce the window period and the occurrence of occult HBV infections.

Based on the finding of this study, it was possible to conclude that in the majority of the HBV cases, the diagnostic chemiluminescent method value compared to the PCR method is acceptable except in low indexes positive cases that need further investigation with the PCR method.
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